ABSTRACT. The University of Waikato, Hamilton, New Zealand and The Queen's University of Belfast, Northern Ireland radiocarbon dating laboratories have undertaken a series of high-precision measurements on decadal samples of dendrochronologically dated oak (Quercus petraea) from Great Britain and cedar (Libocedrus bidwillii) and silver pine (Lagarostrobos colensoi) from New Zealand. The results show an average hemispheric offset over the 900 yr of measurement of 40 ± 13 yr. This value is not constant but varies with a periodicity of about 130 yr. The Northern Hemisphere measurements confirm the validity of the Pearson et al. (1986) calibration dataset.
INTRODUCTION
The radiocarbon ages of decadal (10 yr) samples of dendrochronologically dated wood from both hemispheres spanning the AD 1850-950 interval have been measured to high-precision in the Waikato and Belfast 14 C laboratories. The decadal blocks of dendrochronologically dated oak (Quercus petraea) from the British Isles and New Zealand cedar (Libocedrus bidwillii) and silver pine (Lagarostrobos colensoi) from New Zealand were used to provide comparative measurements of the 14 C content of the atmosphere in both hemispheres over a 900-yr period. This data also forms the basis for a companion paper which recommends its use for calibration of Southern Hemisphere 14 C measurements (McCormac et al., this issue) . The blocks of wood were pretreated to α-cellulose (Hoper et al. 1997 ) thereby removing all mobile fractions, and the 14 C dates for each were determined by liquid scintillation counting of benzene (Hogg et al. 1987; McCormac 1992; McCormac et al. 1993; Higham and Hogg 1997) . Given that the difference in ∆ 14 C between the hemispheres was expected to be small, it was felt necessary, in experimental design, to replicate the oak, cedar, and pine measurements in both laboratories, thereby creating 2 independent measurements of the offset and, thus, negating the effects of individual laboratory bias on the value determined for the interhemispheric offset. The results show a consistent 14 C depletion or older 14 C ages in the Southern Hemisphere over the period AD 950-1850. The results given here extend the Northern/Southern hemisphere data sets from AD 1940 to 1720 presented in McCormac et al. (1998a McCormac et al. ( , 1998b .
LABORATORY OFFSET
The 900 yr of data at decadal intervals allows us to determine the offset between the Waikato and Belfast laboratories with some accuracy (Table 1) . The Waikato and Belfast data sets show excellent agreement with the Belfast-Waikato offset, being -4.5 yr for the British Isles oak series and -3.9 yr for the New Zealand cedar/pine series. This offset compares very favorably with previous studies, which resulted in offsets ranging from 10 to 21 yr (Table 2) . Figure 1 shows the individual measurements from Waikato (Wk) and Belfast (UB) on decadal samples of oak from the British Isles for the period AD 950-1850 (see also Table 3 ). These measurements essentially repeat, at higher temporal resolution, the Pearson et al. (1986 Pearson et al. ( , 1993 ) data published in the 14 C special calibration issues. The evolution of the Pearson data was a result of repeated corrections, which were questioned by McCormac et al. (1995) . Thus, the new data offer the opportunity to test which corrections are appropriate in light of changes made to the calibration data published by Stuiver et al. (1998) and commonly known as INTCAL98.
NORTHERN HEMISPHERE MEASUREMENTS
Decadal values of the new oak measurements were combined to form bi-decadal averages centered on the intervals used by Pearson et al. (1986 Pearson et al. ( , 1993 . The difference between the Pearson et al. (1986) data and the new suite of 72 measurements made in Belfast is -7.5 ± 2.8 yr with the new measurements being slightly older. The Pearson et al. (1993) data, which is a corrected version of the Pearson et al. (1986) measurements, is 7.3 ± 2.7 yr different from the new measurements. Although these results are not conclusive, other evidence supports the consistency of the Pearson et al. (1986) data (van der Plicht and van der Plicht et al. 1995) .
A separate set of 7 sample pairs analyzed by the Belfast lab covering the period AD 610-730 gave differences between the Pearson et al. (1986 Pearson et al. ( , 1993 ) data of −3.8 ± 7.6 and 18.5 ± 7.3, respectively. In addition, a set of 8 University of Washington measurements of Irish oak from 505 to 655 BC resulted in a 3.6 ± 5.2 yr difference from the Pearson et al. 1986 results and -10.7 ± 5.2 yr difference from the 1993 dataset (Stuiver, personal communication 2002) . We would therefore suggest that future calibration data for the Northern Hemisphere incorporates Pearson et al. (1986) data for the intervals beyond the range of data presented here. Figure 2 shows the individual measurements from Waikato and Belfast on decadal samples of cedar and silver pine covering the period AD 950-1850. These follow closely the temporal variations of the oak measurements ( Figure 1 ) and show again a very high degree of agreement between the measurements made in the 2 laboratories. Because of the limited age range of available cedar, it was necessary to change species to silver pine at AD 1405. The cedar trees grew in 2 sites in the middle of the North Island of New Zealand (rings AD 1401-1720, Takapari Forest Park, 40°04′S, 175°59′E; rings AD 1721-1850, Hihitahi Forest Park, 39°32′S, 175°44′E), while the silver pines grew on the west coast of the South Island (Oroko Swamp, 43°14′S, 170°17′E). Knox and McFadgen (2001) claim there is a statistical difference between the North Island cedar data given in McCormac et al. (1998a) and the South Island matai data given in Sparks et al. (1995) and, furthermore, suggest that the differences might be the result of either geographic location or proximity to the intermittently active volcano, Ruapehu. We consider it unlikely that volcanic emissions have affected the 14 C content of the cedar wood (Rubin et al. 1987; Bruns et al. 1980) , as Hihitahi Forest Park is 32 km away, and Takapari Forest Park is 94 km away from the volcano. We have checked the consistency in ∆ 14 C between silver pine and Takapari Forest Park cedar by dating 5 wood samples of the same dendrochronological age from both species. The results are shown in Table 4 . The weighted mean difference between the 2 species is 9.4 ± 7.6 yr based on 10 sample pairs. Using the student-t test for paired samples, there is no difference between the measurements for cedar and silver pine at the 95% confidence level. Year AD Wk C/P ( 14 C BP)
SOUTHERN HEMISPHERE MEASUREMENTS
Wk oak ( 14 C BP)
Qub C/P ( 14 C BP)
Qub oak ( 14 C BP) The combined measurements from the 2 laboratories on wood from the Southern and Northern Hemispheres are shown in Figure 3 . The fact that the Southern Hemisphere measurements give older dates is clearly visible. The average value for the hemispheric offset over the 900 yr of measurement is 40 ± 13 yr. However, careful analysis shows that this value is not constant through time, but varies with a periodicity of about 130 yr. McCormac et al. (this issue) , deals more thoroughly with this and make specific recommendations for the use of the data to calibrate 14 C ages. 
CONCLUSIONS
Two sets of 14 C measurements on decadal samples of oak, cedar, and silver pine are presented covering the period AD 950-1850. The offset between the Waikato and Belfast laboratories is significantly lower than corresponding offsets presented in other studies. The Northern Hemisphere measurements confirm the validity of the Pearson et al. (1986) data and suggest its use in future calibration work.
